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EFFECT OF VARIATION OF CHORD AND SPAN OF AILERONS ON HINGE MOMENTS 

AT SEVERAL ANGLES OF PITCH 

By B. E. Monish 



SUMMARY 

This report presents the results of an invesiigation of 
the hinge moments of ailerons of various chords and spans 
on two airfoils having the Clark Y and U. S. A. 27 wing 
sections^ supplementing the investigations described in 
References 1 and 2, of the rolling and yawing moments 
due to similar ailerons on these two airfoil sections. 



3.5 inohes in chord cut from the trailing edge. Each 

aileron had a companion strip or filler block such that 
the two would fill the space in the wing and conform 
with the wing section to within ±0.02 inch. A metal 
end plate, cut to the section used, fastened the fiUer 
block to the wing and acted as a bearing plate for the 
pivot at the outer end of the aileron, while small metal 



TIte measurements were made at various angles of \ ^^^P^ ^PP^^ ^^^^^ surfaces of the 

wing and filler block secured the other end of .the filler 
block. The pivot bearing at the inside end of the 
aileron was carried id a piece of metal sunk into the 
wing body in the case of ailerons of 20-iach span and 
into the filler block in the case of ailerons of 10 and 16 
inch span. Placing all the ailerons on the same wing 
tip minimized the effect of twist in the tunnel air flow 
mentioned in Reference 2} 

The pivots were made of steel and threaded through 
brass blocks set into the ends of the ailerons. By this 
means end play was done away with and the gap 
between the inside end of the aileron and the wing body 
kept small. 



pitchf but at zero angle of roll and yaw, the wing chord 
being set at an angle of to the fuselage axis. In the 
case of the Clark Y airfoil the measurements fuite been 
extended to a pitch angle of Ifi^^ using ailerons of span 
equal to 67 per cent of the wing semispan and chord equal 
to SO and SO per cent of the wing chord. 

The work was done in the 10-foot tunnel of the Bureau 
of Standards on models of 604nch span and lO-inck 
chord, having square tips, no taper in plan form or 
thickness, zero dihedral, and zero s^ceepback, 

INTRODUCTION 

This investigation was carried out in cooperation 
with the aeronautics branch of the Department of 
Commerce and the National Advisory Committee 
for Aeronautics, for the purpose of furthering the 
knowledge of the hinge moments of conventional 
ailerons on some representative American wing 
sections. Very little work on the hinge moments 
of ailerons has been published, the most extensive 
being that of Irving, Owen, and Hankins. (Ref- 
erence 3.) 

DESCRIPTION OF APPARATUS AND MODELS 

A description of the tunnel and models is given iu 
Reference 1, and the profiles and coordiuates of the 
sections are shown in Figure 1, 

As it was necessary to modify the hinging of the 
ailerons from the method used when measuriug rolliug 
and yawing moments, it was decided to construct a 
new set of ailerons rather than adapt the old. Figure 
2 shows the scheme adopted. 

All the ailerons were mounted on the right wing tip, 
as this had a rectangular opening 20 inches in span by 
S8300— 32 10 
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FxousE L— Ptofiles and coordinates of Clark Y and IT. 8. A. 27 wisg aectiona 

A metal sting ending in a small eye was placed in the 
trailiQg edge of each aileron 10 iuches from the outside 
end to furnish a poiut of attachment for the balance 
and counterweight wires. 

Due to difficulties ia construction it was necessaiy 
to leave a slight gap between the aileron leading edge 
and the filler block. An effort was made to smooth 
over the crack while sealing the gap, so as to duplicate 

1 After the completion of the work described in this paper and In References 1 
and % cor attention was directed to some theoretical work described in Heference 4, 
which indicates that the combined results obtained by sumioatlon of tests ona single 
aileron are not exactly the same as would be obtained by the nse of two ailerons 
because of differences In the lift distribution. 
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conditions dming the rolling and yawing moment tests. 
Filling the cracks with a hard grease was found to be 
impractical because of the added friction, A seal of 
thin sheet rubber over the joint was also tried. When 
both edges of the rubber were cemented the stretch of 
the sheet added too much restoring force and when 
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Figure 2.— Gonstraation of sflerozis for hinge moment measurement 

Note.— For dimensioned sketch of model see N. A. C. A. Technical 
Report No. 298. 

only one edge was cemented the sheet fluttered exces- 
sively. Finally it was decided to keep the gap as small 
as possible and to seal it with a thin layer of petroleum 
jelly. This jelly added no discernible friction and 
made an effective seal. Since previous tests have 
shown that a crack introduced little or no change as 




Picu&B 8.— Arrangement for hinge moment measurement 

long as the gap was sealed OKeference 8), this method 
is believed to be satisfactory. 

Figure 3 shows the method of mounting the model 
and of applying the restraining forces. The mode 
was placed in the tunnel so that the leading edge of 
the wing was vertical and secured in pitchy roU, and 
yaw. Wires from the sting led on one side over a 



pulley to a counterw^eight and on the other side to a 
bell crank, through which the forces were transmitted 
to a balance of the pendulum type. As motion of the 
balance pan would displace the aileron from its setting, 
an adjusting screw and pointer were provided to bring 
the aileron back to the desired position. 

For all up-aileron measurements and for down- 
aileron measurements to an angle of pitch of 20^, the 
balance and counterweight wires were kept normal tt) 
the wind direction. For down-aileron measurements 




ItQURS 4.— Calculation of hinge moment from halance 
net 7*. Hinge moment- Tl cos tl 

at angles of pitch greater than 20° the balance wire 
was run downstream at an angle of approximately 
36^ to the tunnel axis, over a pulley, and out to the 
bell crank, as indicated by dotted lines in Figure 3. 
The counterweight wire was carried upstream in a 
corresponding manner. 

METHOD OF OBSERVATION 

Obsei'vations were made at wind velocities of 40, 
58.7, and 80 feet per second (respectively 27,3, 40, and 
54.5 iniles per hour). Readings were taken at a suffi- 
cient number of aileron angles to determine the charac- 




Rqubb Error due to wire not being vertical. Uinge 
moment- Tft oos c oos ^ sin c sin A' 

teristics of the curves desired. The ailerons were sol 
to the desired angle by means of the turnbuckle shown 
in Figure 3, and the angle was measured by metal 
templates applied to the model. 

Motion of the balance pan which would allow the 
aileron to move from its setting was compensated for 
by an adjusting screw between the end of the bell 
crank and the balance pan, a pointer and scale being 
arranged for accuracy of adjustment. By this means 
the bell-crank arm was kept level, eliminating any 
error from this source. 

REDUCTION OP OBSERVATIONS 

The calculation of the hinge moment from, the net 
reading of the balance is made with the aid of Figm*cs 
4, 5, 6, and 7. If the wires to the balance and counter- 
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weight had negligible drag, did not stretch, and re- 
mained normal to the wind direction, the hinge moment 
would equal 

Th cos A\ 
where r= the net reading of the balance. 

A = the chord of the aileron measm*ed from the 
point of attachment of the balance wire 
to the pivot line of the aileron. 
A' = the angle between the wind direction and 
the pivot-to-sting line of the aileron. 




FtouBK 6.— Collection 2br wire dngfjD. Hinge 
moment»(r— J7 tan A') A cos A' 

If the wire is not normal to the wind direction (fig. 5), 
the hinge moment is given by the expression 

r A cos e cos A' -h jP A sin € sin A', 
where 90**— 6= the angle of the wire to the wind 
direction. 

Tcos 6= the component of the tension in the 
balance wires normal to the wind 
direction. 

A cos A' = the effective lever arm of the normal 
component of the tension. 
rsine=the component of the tension in the 
balance wire parallel to the wind 
direction. 

A sin A' = the effective lever arm of the parallel 
component of the tension, 
T A sin 6 sin A' and the departure of cos e from imity 
were made negligible by making 6 small. This was 




FiGCKK 7 —Correction for wire stretch 
(nearly) 

cos A' 

{■Qngizlar deflection caosed unit load Thai aileron is 
parallel to wind. 

accomplished by using a long balance wire and placing 
the balance so that the deviation, €, with fuU aileron 
movement was distributed equally in an upstream 
and downstream direction. 

If the wire dSrag is not negligible, the true hinge 
moment (fig. 6) is given by the expression 

(T-DtBJi A') A cos A', 
where Z3=that part of the wire drag applied to the 
aileron. 

D A sin A' = the moment on the aileron caused by the 
drag of the wires. This value is ex- 
pressed as a correction to the measured 
tension in the above formula. 



The wire drag is of sufficient magnitude to be car- 
ried through the computations. In computing the 
part of the wire drag applied to the aileron, the drag is 
assumed to be uniformly distributed over that part 
of the wire exposed to the air stream. 

The wires wiU change length, or stret<;h, with in- 
creasing load. The angular deflection (fig. 7) is 
given with sufficient acciuracy by Oxe expression 




cos A' 

where 7 = the angular deflection due to the stretch of 
the wire. 

5= the angular deflection due to one unit of 
load when the aileron is parallel to the 
wind direction- 
By using a steel wire of sufficient diameter this 
deflection was made negligible for the forces encoun- 
tered in this test. 

For the measurement of hinge moments on down- 
ailerons at pitch angles above 20** it was necessary 

r of aileron atcCotleron angle 
-^Chordffne of wing 



Q = Pitch angfe 

X = 6^30' for OarkY 
A =7''forUS,A27 
h = True a/feron chord 
h Lever orm of force T,=h s/n A 
- - - - ■ A = - 21' 
11"= - « - » L,=hcosA' 
A =A'+j9. A' = e-f-z^+X + cC 

= 3S^6'Ce = 20"}, 35*38' (Q = ^% 36^M'(e = 
Th'''M' Dh-^K^ Lhr - At 

Mnge moment, lAu = \f'+M^- Ml 

FiauBE 8.-<7QnipatatIon of hinse momenta for down aileron at high pitcb angks 

to run the balance and counterweight wires at an 
angle of approximately 36° to the wind direction, as 
shown by the dotted lines in Figure 3. The resolu- 
tion of the forces is shown in Figure 8. In this case 
the lift component of the force on the wires must be 
considered. 

The expression for hinge moment is given as 

where ilfff = the hinge moment. 

M' = the moment due to the net tension in the 

balance wire. 
M£, = the moment due to the drag of the wire. 
Mi = the moment due to the lift of the wire, 
and M' = rAsinA. 
Md=D h sin A'. 
Ml=L a cos a'. 
where A=the angle between the pivot-to-sting line 
of the aileron and the balance wire. 
A'=the angle between the pivot-to-sting line 

and the wind direction. 
2?= that part of the wire drag applied to the 
sting. 

i=that part of the wire lift applied to the 
sting- 
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Values of the various angles for tjie set-ups used are 
given in Figure 8. 

All results are reduced to the usual N. A. C. A. 
form of dimensionless coefficients as given below: 

^^^^^ 

where (7ff=the absolute hinge moment coefficient 
for one aileron. 
H = the hinge moment in pounds-feet. 
2 =l/2p 7^=0.001189 V\ 
e =wing chord in feet. 

S =^ving area in square feet (chord length X 
span). 

V =wiad speed in feet per second, 
p =the density of air, i. e., 0.002378 slugs per 

cubic foot at 16*^ C. and 760 mm. 

pressure. 

A moment tending to produce clockwise rotation as 
viewed from the pilot's seat is regarded as positive. 
All values for a single aileronjrefer to an aileron on the 
light \ving tip, and the values for the ailerons com- 
bined are for the right aileron up and the left aileron 
down. 

RESULTS 

HINGE MOMENT COEFFICIENTS FOR A SINGLE AILERON 

Figures 9, 11, 17, and 19 show values of hinge mo- 
ment coefficients for a single aileron plotted against per 
cent aileron chord of ^ymg chord, and Figures 10, 12, 
18, and 20 the values plotted against per cent aileron 
span of wiog semispan. From the figures it can be 
seen that the hinge moment varies roughly as the 
square of the chord and as the span. For ailerons o^ 
varying chord the rate of increase of hinge moment 
with increasing chord is slightly greater for the U. S. A. 
27 wing section than for the Clark Y, while for ailerons 
of varying span the reverse" is true. In general, the 
moments are higher for the Clark Y section. 

Zero hinge moment does, not occur at zero aileron 
angle, but at some upward angle whose value depends 
on the angle of pitch, the size of the aileron, and the 
^ving section used. Inures 29 and 30 show this travel 
of angle for zero moment for two ailerons on the Clark 
Y section. 

mNGE MOMENT COEFFICIBNTS FOR COMBINED AILERONS 

Figures 13, 15, 21, and 23 show values of combined 
hinge moment coefficients plotted against aileron angle 
for ailerons of varying chord, and Figures 14, 16, 22, 
and 24 show values for ailerons of varying span. From 
these it is seen that the hinge moment varies roughly 
as the aileron angle. At zero degrees pitch the slope 
increases at about 20^ and decreases again when the 
angle is greater than 30°. ._These points of increase 
and decrease are not present in all of the curves for 12° 
pitch, most of the curves being concave downwards.. 

The combined hinge moments also vary nearly as 
the square of the chord and as the span, with the rate 
of increase with increasing chord greater for the U. S. A. 
27 wing section, and the rate of increase with increasing 
span greater for the Clark Y section. 



In general, ailerons on the Clark Y section give a 
greater hinge moment coefficient than on the U. S. A. 
27, the difference varying with the pitch angle and the 
size of aileron used. 

VARIATION OF HINGE MOMENT COEFFICIENTS WITH ANGLE OF 

PITCH 

Figures 25, 26, 27, 28, 29, and 30 show the effect of 
angle of pitch on hinge moments of two ailerons of 
20-in^ span by 2 and 3 inch chord on the Clark 
Y wing. Figures 26 and 26 show individual values 
and Figures 27 and 28 combined values plotted against 
angle of pitch. 

Figures 29 and 30 show individual values of hinge 
moment coefficient for one aileron at various angles 
of pitch plotted against aileron angle. The cm*vcs arc 
fairly smooth except at high angles of pitch, where 
the curves drop suddenly in. the neighborhood of 32^ 
up-aileron. Beyond 12^, increase of pitch has less 
effect on the hinge moment. 

CONCLUSION 

In general, the hinge moment of an aileron varies 
roughly as the square of the chord and as the span. 
The Clark Y ^ving section gave higher hinge moments 
throughout than did the U. S. A. 27. Tlic rate of 
increase Avith increasing chord was higher for the 
U. S. A. 27, and the rate of increase with increasmg 
span was higher for the Clark Y. An increase of tlic 
angle of pitch beyond 12° had comparatively little 
effect on the hinge moment except at large upward 
displacements of the aileron, at which the hinge mo- 
ment dropped abruptly, changing sign in one case. 

No conclusions are drawn in this report as to the 
most efficient aileron, as such conclusions would neces- 
sitate, a study of the rolling and yawing moments in 
addition to the hinge moments. 
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FiavRE 18.— Clark Y wing section. Combined Cr for varying afleron chord. 
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Figure 16.~U. 8. A. 27 wing section. Combined Cm for varying aileron chord. 
Fltob angle 0<>. Roll angle 0*. Yaw angle 0* 
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FioufiE 22.— Clark Y v]r« section. Combined Cr for varying aUeron span. 
Pitch angle 12°. BoU angle 0°. Yaw angle 0** 
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Aileron angle^ right up - left down 
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Figure 23.— T7. 8. A. 27 wing section. Combined Ce for varjring aileron 
<Aord. Pitch angle 12*. Roll angle 0". Yaw angle 0* 



.030 



.025 



.020 



.015 



.010 



.DOS 



V Aileron span 10 In. 

— ^chord 2.5 

O Aileron spon IS in. 

I I chord 2.S'* 
'+ Aileron span 20 inr 
I chord Z5* 




8* !6* 24* 32* 

Aileron angle^ right up - left down 



40* 



FiQuas 2(.— U. 8. A> 27 wing aedion. Combined Cb for varying qHqtod 
span. Fitch angle 12°. Roll angle 0°. Yaw angle 0" 
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FiGUxs 25.— CJark T wlog section. Cr versos pitch angle for ono 
aUieroD. Aileron spen 20 fnclies. AOeroa chord 2.0 inches. Boll 
ancle 0*>. Yawan^O" 
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PiGxmx 26.— Clark Y wfn^ section. Cs versus pitch angle ftir one 
aileron. Aileron span 20 Inches. Aileron chord 3.0 inches. Soli 
angle 0*. Yair angle 0" 
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FiGU&£ 27.--GIaric Y wing section. Combined Cr twsds pitch angle 
for one aOeron. Aileron span 20 Inches. AJIenui chord %Si Inches. 
Bon angle 0^. Yaw angle 0^ 
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FDGtTuc 28.— Clark Y wing section. Combhied Cm versos pitch angle 
Cor one aileron. Afteron span 20 Inches. Aileron chord 3.0 Inches. 
Bon angle 0". Yowangle'O" 
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Aileron up 



Figure 29,— Clark y wing section. Cs versus aileron angle for various pitch 
angles. Aileron span 20 Inches. Aileron ohord 2.0 inches. Angle of roll 
0*. Angle of yaw 0® 
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Aileron down 



16' 32' 

Aileron up 



Figure 30.— Clark Y wing section. Cu versus aileron angle for various pttch 
angles. Aileron span 20 inches. Aileron chord 8.0 inches. Angle of roll 
0*. Angle of yavO** 



EFFECT OF VABIATION OF CHORD AND SPAN OF AIUSRONS ON HINGE MOMENTS 



147 



Table I.— CLARK Y WING SECTION— HINGE MOMENT 
COEFFICIENT 

[Varying chord of alleroiL Azufle of pitdi of alrplatie, (P; ang^ of attaiik of wins, 
-K*; ans^ of yaw, 0"^ angle of rcU, (f] 

[NfOTS.— Tlie values apply to aifiher right or left aileron; the signs refbr to the right 

aileronl 

AILERON SPAN 20 INCHE8 (07 PEE CENT OF -VTING SEMI8PAN) 



AHeroa chord 1 J Inches (15 per cent of 


Ailerc 


»n chord 2 Indies (20 per cent of 




wfng chord) 






wing chord) 






AOeioiL 


Aileron 


Combined 




Aileron 


Aileron 


Combined 


1 


up 


down 


values 


i ' 


up 


down. 


values 


0" 


-a 0007 


-0.00(77 


0 


0" 


-a 0016 


-0.0015 


0 


*• 


—.0003 


—.0011 


+aooos 


4* 


—.0008 


-.0020 


+0^0012 




0 


-.0014' 


.0014 


8" 


-.0u02 


-.0024 


.0022 




+.0005 


-.OOlS 


.0021 


12° 


+.0005 


-.0030 


.0035 




.oooe 


-.0022 


.0028 


16* 


.0012 


-.0036 


.0048 


20*' 


.0010 


-.002fl 


.0036 


: 20* 


.0019 


-.0043 


.0062 


24" 


.0013 


-.0Q2fi 


.0042 


24* 


.0025 


-.0049 


.0074 


28*" 


.00 IS 


-.0033 


.0049 




.0031 


-.0036 


.0067 


32" 


.0010 


-.0(B7 


.0056 


32? 


.0030 


-.0062 


.0068 


36« 




-.0041 


.0003 


36* 


.0041 


-.0070 


.0111 


40* 


.0024 


-.0046 


.0070 


40* 


.0010 


-.0077 


.0123 




.0028 


-.0052 


.0078 


44* 


.0049 


-.0084 


.0183 


Aileron chord 8 Inches (30 per cent of 


Alle« 


m chord 3Jf inches (36 per cent of 




win 


g chord) 






wing chord} 






A Heron 


Aileron 


Conrbined 




ACeron 


Aileron 


Combined 


f 


up 


down 


values 


i 


up 


down 


values 




-a 0027 


-a 0027 


0 


CP 


-aoow 


-ao<MO 


0 


4° 


-.0014 


-.0U3fi 


+0.0025 


4* 


-.0022 


-.0057-^ 


+a0035 


8« 


-.0001 


-.ooa 


.0051 


8* 


-.0006 


-.0075 ^ 


.0069 


ly 


+.0012 


-.0067 


.0070 


12* 


+.0011 


-.0092 




16° 


.0027 


-.00&4 


.0111 


16* 


.0027 


-.OIU 


.0138 


20* 


.0044 


-.0090 


.0143 


20* 


.0014 


-.0128 


.0172 




.0060 


-. 0113 


.0173 


24* 


.0077 


-.0143 


.OS20 


28* 


.0075 


-.0125 


.0200 


28* 


.0104 


-.0157 


-0281 


32° 


.006S 


-.0136 




33* 


.0121 


-.0170 


.0291. 


36« 


.0100 


-.0144 


.0244 


36* 


.0130 


-.0182 


.0312 


40" 


.ouo 


-. 0150 


.0260 


40* 


.0140 


-.0194 


.0834 


44» 


.0119 


-.015S 


.0274 


44* 


.0153 


-.0206 


.0359 



Table IL— CLARK Y WING SECTION— HINGE MO- 
MENT COEFFICIENT 

[Varying span of afleron. Angle of pitch of airplane, 0*; an^ of attack of wln& 
+4*; angle of yaw, 0*, an^ of roll, 0°] 

INOTE.— The vaMes apply to either rttht or left aileron; the signs refer to the right 

aileron] 

AILERON CHORD 2.6 INGHBS (25 PER CENT OF WINO CHORD) 



Aileron scan 10 Indtes (33 per cent of 


Ailen 


m span 15 inches (50 per cent of 




wing semispan) 






Tfng semispan) 






ASeron 


Alleion 


Combined] 




Aflpmn 


Aileron 


Combined 




up 


down 


values 1 


1 f 


up 


down 


values 


0* 


-aoooo 


-Ol0009 




' 0* 


-Ol0016 


-a 0016 


0 


4* 


-.OOOS 


-.0013 


+0.0006 


4* 


-.0010 


-.0022 


+aooi2 


8* 


. -.0001 


-.0018 


.0017 1 


8* 


-.0002 


-.0028 


.0026 


12* 


+.0008 


-.0023 


.0028 


12* 


+.0004 


-.0034 


.0088 


16* 


.0006 


-.0029 


.0035 


16* 


.0010 


-.0042 


,0052. 


20* 


.0009 


-.0086 


.0045 


20* 


.0015 


-.0050 


.0065 


24* 


.0013 


-.0043 


.0056 


34* 


.0022 


—.0058 


.0090 


28* 


.0019 


-.0046 


.0065 


2S* 


.0080 


-.0064 


^.0094 


32* 


.0025 


-.0019 


.0074 


32* 


.0038 


—.0071 


.0109 


36* 


.0030 


-.0051 


.0061 


36* 


.0048 


—.0077 


.0125 


40* 


.0034 


-.OOM 


.ooss 


40* 


.0053 


-.0083 


.0136 


44* 


.0030 


-.0056 


.0092 


44* 


.0056 


—.0088 


.0144 



Aileron span 20 Inches (67 per cent of wing 
semlspai^ 



9 


Aileron up 


AHeron 
down 


Combined 
valaes 


0* 


-a 0016 


-a 0015 


0 


4* 


-.0005 


—.0024 


+aooi9 

.0088 


8* 


+.0004 


-.0034 


12* 


.0014 


-.0044 


.0058 


16* 


.0022 


-.0063 


.0075 


20* 


.0029 


-.0062 


.0091 


24* 


.O(M0 


—.0072 


.0112 


28* 


.0053 


-.0081 


.0134 


82* 


.0064 


-.0090 


.0154 


36« 


.0074 


-.0099 


.0173 


iOP 


.0063 


-.0107 


.0190 


44" 


.0002 


-.0116 


.0206 



Table HI.— F- S. A. 27 WING SECTION— HINGE MO- 
MENT COEFFICIENT 

jVarylng chord of aileron. Ad8^ of pitch of a&plane, 0°; angle of attack of wln& 
+4*; an^Je of jaw, 0*; angle of roUt 0*1 

ENOTX.— Tha values apply to either right or left aHoon, the signs refer to the right 



AHiERON BPAN 20 INCHES (67 PEE CENT OF ■WTNO SEMISPAN) 



Aileron dK>rd I^ inches (15 per cent .of 


AHeion dioid 2 inches (20 per cent of 




wing chord) 






wing chord) 






Afleron 


Aileron 


Combined 




Aileron 


AHeron 


Combined 




up 


down 


values 




up 


down 


values 


0* 


-a 0002 


-a 0002 


0 


0* 


-Q.0009 


-0.0009 


0 


4* 


+.0002 


-.0004 


+aooo6 


4* 


-.0005 


-.0012 


+aoaQ7 


8** 


.0005 


-.0006 


.OQU 


8* 


0 


-.0017 


.0017 


12* 


.0007 


—.0010 


.0017 


12* 


+.0005 


-.0021 


.0026 


16* 


.0008 


-.0013 


.0021 


16* 


.0010 


-.0027 


.0037 


20* 


.0010 


-.0016 


.0026 


20* 


.0017 


-.0033 


.0050 


at* 


.0012 


—.0019 


.0081 


24* 


.0023 


-.0089 


.0062 


28* 


.0015 


-.0022 


-0037 


28* 


.0029 


-.0043 


.0CF72 


32* 


.0018 


—.0025 


.0043 


82* 


.0034 


-.0046 


.0060 


36' 


.0021 


-.0027 


.0048 


36* 


.0039 


-.om 


.0088 


40* 


.0025 


-.0029 


.0054 


40* 


.0043 


-.0052 


.0095 


44* 


.0028 


-.0081 


.0059 


44* 


.0045 


-.0050 


.0101 


Aileron diocd 8 Inches C30 per cent of 


AHeron chord ZJ5 fnches 05 per cent of 




wing chord) 






wfngdiord) 






Aileron 


Aileron 


Combined 




Aileron 


AHeron 


Combined 




up 


down 


values 


e 


up 


down 


values 


0* 


-0.0028 


—0.0028 


0 


0* 


-a 0040 


-a 0040 


0 


4* 


-.0016 


-.0039 


+aOQ23 


4* 


-.0025 


—.0055 > 


+0.0030 


8* 


-.0004 


-.0051 


.0047 


8* 


-.0012 


-.0072 


.0060 


12* 


+.0007" 


-.0062 


.0060 


12" 


0 


-.0089 


.0080 


16* 


.0018 


-.0074 


.0002 


16* 


+.0015 


-.0105 


.0120 


20* 


.0030 


-.0086 


.0116 


ago 


.0034 


-.0120 


.0154 


24* 


.Q(M6 


-.0098 


.0144 


24* 


.0060 


-.0134 


.0203 


2S* 


.0062 


-.0109 


.0171 


23* 


.0001 


-.0146 


.0237 


32* 


.0074 


-.0119 


.01^ 


32* 


.0106 


-. 0158 


.0264 


36* 


.0065 


-.0125 


.0210 


36* 


.0119 


-.0160 


.0288 


40* 


.0005 


-.0131 


.0226 


40* 


.0130 


-.0177 


.0307 


44* 


.0104 


-.0135 


.0230 


44* 


.0141 


-.0182 


.0323 



Table IV.— U. S. A. 27 WING SECTION— HINGE 
MOMENT COEFFICIENT 

[Varying span of aileron. Anide of pitch of airplane, 0°; angle of attack of wing, 
+4*; angle of yaw, 0*; angle of roll, 0*] 

[Non.— The valnes apply to either right or left aileron, the signs reCar to the right 
allQron] 

AILERON CHORD 2.6 INCHES (25 PER CENT OF WINO CHORD) 



Aileron span 20 Inches (67 per cent of wing 
semispan) 



e 


Aileron up 


AHeron 
down 


Combined 
values 


0* 


-awi2 


-OL0012 


0 


4* 


-.0005 


-.0019 


+aooi4 


8* 


+.0002 


-.0027 


.0020 


12* 


.0009 


-.0035 


.0044 


16* 


.0015 


—.0042 


.0067 


20* 


.0021 


-.0050 


.0071 


24* 


.0028 


-.0060 


.0068 


28* 


.0037 


-.0068 


.0105 


32* 


.0047 


-.0074 


.0121 


36* 


.0058 


-.0080 


.0138 


40" 


.0067 


-.0084 


.0161 - 


44* 


.0074 


—.0087 


.0161 



AHeron span 10 inches C33 per osti of 


AHeron span 16 


inches (50 per cent of 




wing semispan} 






wing semispan) 






Aileron 


Aileron 


Combined 


i 


AHeron 


AHeron 


Combined 


9 


up 


down 


values 




up 


down 


values 


0* 


-0.0009 


-a 0009 


0 


0* 


-a 0012 


-a 0012 


0 


4* 


-.0006 


-.0013 


+a0OO7 


4* 


-.0007 


-.0018 


+0.00U 


8* 


-.0003 


-.0017 


.0014 


8* 


—.0003 


-.0024 


.0021 


12" 


0 


-.0021 


.0021 


12* 


+.0002 


-.0030 


.0032 


16* 


+.0004 


-.0025 


.0029 


16* 


.0008 


-.0036 


.0044 


20* 


.0009 


-.0029 


.0038 


20* 


.0013 


-.0042 


.0065 


24* 


.0014 


—.0033 


,00G' 


24* 


.0020 


-.004S 


.0068 


28* 


.oon 


-.0036 


.0053 


28* 


.0027 


—.0064 


.0081 


82* 


.0(£20 


-.0039 


.0050 


82* 


.0034 


-.0059 


.0093 


'38* 


.0024 


-.0042 


.0066 


36* 


.0040 


-.0064 


.0104 


40* 


.0028 


-.0044 


.0072 


40" 


.0046 


-.0067 


.0113 


44* 


.0031 


-.0046 


.0077 


1 


.0051 


-.0070 


.0121 
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Table V.— CLARK Y WING SECTION— HINGE 
MOMENT COEFFICIENT"" 



[VarylDg cbord of aileron. AngEle of pitch of 
wing, +W*; angle of yaw, ff*; 



+12»; angle of attack of 
ofr6U,0*l 



[Note.— The values apply to either rlj^ht or left aaeron, the signs relier to the right 
AILERON SPAN 20 INCHES (57 PEB CENT OT TTING SEMISPAN) 



Afleran chord 1.6 Inches (15 per cent of 
wing chord) 



36* 
44° 



Aneton 
up 



-a 0O18 

-.0014 
-.0011 
-.0007 
-.0003 
0 

+.0003 
.0004 
.0005 
.0007 
.0008 
.OOU 



Aileron 
down 



-0. 0018 
-.0022 
—.0025 
-.0029 
0038 
-.0030 
-.0040 
-.0043 
-.0046 
-.0047 
—.0048 
-.0045 



Combined 
values 



0 

-HI 0008 
.0014 
.0022 
.0030 

.om 

.0043 
.0047 
.0051 
.0054 
.0056 
.0096 



AUeron chord 3 Inches (30 per cent of 
wing chord) 



0* 
4* 
8** 
12" 
16** 
20* 
24° 
28* 



40° 
44° 



Aileron 
up 



-a 0062 
-.0048 
-^0034 
-.0018 
00O8 
+.0014 
.0030 
.0046 
.0060 
.0071 
.0070 
.0086 



Aileron 
down 



-a 0062 
-.00^5. 
-.0087 
-.OOflO 
-.0100 
-. 0118 
-.0125 
-.0131 
—.0137 
-. 0142 
-. 0147 
-.0151 



Combined 
values 



0 

+0.0027 
..0053 
.0081 
.0106 
.0182 
.0155 
.0177 
.0197 
.0213 
.0226 
.0237 



ADeron chord 2 inches (20 per cent of 
wing chord; 



TP 

4.° 
.8° 

16° 

sa* 

40° 
44" 



Aileron 
up 



Aileron 
down 



-a 0025 
—.0020 
-.X14 
-.0009 
-.0003 
+.0002 
.0007 
.0012 
.0017 
.0021 
.0025 
.0028 



-a 0026 
0031 
-.0087 
-.0042 
^,0048 
-.0054 
-.0059 
-.0064 
-.0069 
—.0073 
-.0076 
—.0078 



Combined 
values 



0 

+0.0011 
.0023 
.0038 
.0045 
.0056 
.0066 
,0076 
.0086 
.0004 
.0101 
.0106 



Aileron chord 3.6 Inches (36 per cent of 
wing chord) 



40° 



Ailaon 
up 



-a 0080 
-.0063 
-.0046 
-.0028 
-,0009 
+. OOU 
.0038 
.0056 
.0070 
.0096 
.0109 
.0119 



Aileron 
down . 



-a 0080 
-.0098 
-.0113 
-.0126 
-. 0137 
-.0146 
-. 0156 
-. 0164 
-.0172 
-.0180 
-.0188 
-. 0195 



Combined 
values 



■ 0 

+a0086 
.0067 
.0098 
.0128 
.0167 
.0188 
.0220 
.0261 
.0276 
.0297 
.0314 



Table VI.— CLARK Y WING SECTION— HINGE 
MOMENT COEFFICIENT 

Varying span of aileron. Angle of pitch of airplane, +12°; angle of attack of wing, 
+16°; angle of yaw, 0°; angle of roll, 0°] 

[NOTB.— The values apply to either right or left aileron, the signs refer to the right 

aileron] 

AILERON CHORD, 2.5 lEiCHES (25 FER CENT Or WINQ CHORD) 



Aileron span 10 inches (38 per cent of 


Aileron span 16 inches (50 per cent of 




wing semlspaa) 






wing semispan) 






Aileron 


Aileron 


Combined 




Aileron 


Aileron 


Combined 


0 


up 


down 


VBlues 




up 


down 


values 


0° 


-0.0020 


-a 0020 


0 


■"o° 


-a 0032 


-0.0082 


0 


4° 


-.0016 


-.0024 


+0.0009 


4^ 


-.0025 


-.0040 


+0.0015 


8° 


-.0011 


-.D0E9 


.0018 




-. 0017 


-.0046 


.0029 


1 12^ 


-.0006 


-.0038 


.0027 




-.0009 


-.0053 


.0044 


( 16° 


-.0002 


-.0038 


.0036 




0 


-.0059 , 


.0059 


20° 


+. 0003 


-.0042 


.0045 


icf 


+.0008 


-.0064 


.0072 


24° 


.0008 


-. 0046 


.0054 


S54° 


.0017 


■ -.0069 


.0086 


28° 


.0013 


-.0050 


.0063 


ago 


.0024 


-.0074 


.0098 


82^ 


.0018 


-.0054 


.0072 


33° 


.0032 


-.0077 


.0109 


36° 


.0022 


-.0059 


.OOfil 


W 


.0037 


-.0081 


.0118 


40° 


.0027 


-.0062 


.0089 




. .(H)42 


-.0083 


.0125 


44° 


.0032 


-;0064 


.0096 




.0045 


-.0083 


.0128 



Afleron span 20 Inches (67 per cent of wing 

semispan) 



6 


Aileron up 


A Heron 
down 


Combhied 
values 


0° 


-a 0038 


-q:0038 


0 


4« 


-.0029 


-.0046 


+a0017 


go 


-.0020 


-.0054 


.0034 


12° 


-.0011 


-.0062 


' .0031 


16" 


-.0001 


-.0069 


.0068 


• 20° 


+.0009 


*-.0O7e 


.0085 


• 24*' 


.0019 


-.0081 


.0100 


28° 


.0028 


-, 0087 


.0115 


82° 


.0037 


-.0092 


.0129 


36° 


.0045 


-.0097 


.0142 


40° 


.0052 


-.0101 


.0153 


44° 


.0050 


-.0102 


.0161 



TABLB.Vn.— U. S. A. 27 WING SECTION— HINGE 
MOMENT COEFFICIENT 

[Varying chord of aileroa. Anglo of pitch of airplane. +12": angle of attack of wtng, 
+16**; an^e of yaw, 0"; angje of icXl, (r] 

[KOTS.— The values apply to either right or left aileron, tho signs refer to the right 

aileron] 

AILERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN) 



Aileron chord 1.5 inches (15 per cent of 
-Srr. . wing chord) 



Aileron chord 2 inches per cent of 
wing chord) 





7; • 

AUeron 


Aileron 


Oombined 




Aileron 


Aileron 


Combined 


e 


up 


down 


values 




up 


down 


values 


0° 


-a0007 


-aQQ07 


0 


0° 


-a 0018 


-0.0018 


0 


4° 


-.0004 


-.0010 


+a0006 


4° 


-.0013 


-.0024 


+aooii 




-.0002 


-.WIS 


.0011 


8" 


-.0009 


-.0030 


.0021 


12° 


+.0001 


-.0016 


.0017 


12° 


-.0002 


-, 0036 


.0033 


18° 


.0004 


-.0019 


.0023 


lfl« 


+.0004 


-.0039 


.0043 


20° 


.0006 


-.0022 


.0028 


20° 


.0009 


-.0043 


.0053 


24° 


.0007 


-.0025 


.0032 


24° 


.0014 


-.0016 


.0060 




,0007 


-.0027 


.0034 


28° 


.OOlS 


-.0010 


.0067 


82* 


.0008 


-.0029 


.0037 


32° 


.0(02 


-.0050 


.0073 


36° 


.0010 


-..0030 


.0040 


30° 


.0026 


-,0032 


.0078 


40° 


.0013 


-.oo5o 


.0043 


40° 


.0030 


-.0053 


.0063 


44° 


.0017 


-.0028 


.0015 


41° 


.0033 


-.0054 


.0087 


Aile«^ chord 3 inches (30 per cent of 


Aileron chord 3.6 inches (35 per cent of 




.t.s .. win 


gcihordj 






Wing chord) 






-r— 

Aileron 


Aileron 


Combined 




Aileron 


Aileron 


Combinod 


ff 


up 


down 


values 


e 


up 


down 


values 


0° 


-0.0050 


-0.0050 


0 


0° 


-0.0075 


-0.0075 


0 


4° 


-.0036 


-.0006 


+aoo3i 


4° 


-. 0055 


-.0094 +a0039 


8° 


-.0021 


-.0078 


.0057 


8° 


-.0036 


-.0110 


,0074 


13° 


-.0008 


-,0087 


.0079 


13° 


-.0017 


—.0134 


.0107 


16° 


+.0004 


-,0095 


.0099 


16° 


0 


0134 


.0134 


20° 


.0016 


-.0102 


.0118 


30° 


+.0018 


-.0141 


.0159 


■34° 


.0028 


■ -,0108 


.0136 


34° 


.0036 


-.0147 


.0183 


28° 


.0043 


-.0114 


.0167 


28° 


.0056 


-.0161 


.0207 


32° 


.0058 


-.0118 


.0176 


32° 


.0077 


-.0166 


.0233 


36° 


.0071 


— . 0121 


.0192 


36° 


.0092 


0158 


.0250 


40° 


. .0081 


-.0123 


.0204 


40° 


.0104 


-.0160 


.0264 


44° 


.0089 


-.0124 


.0213 


44° 


.0112 


-.0163 


.0276 



Table . VIII.— U. S. A, 27 WING SECU.ON— HINGE 
MOMENT COEFFICIENT 

[Varying span of aileron. Angle of pitch of airplane, +12°; angle of attack of wing 
+16°; angle of yaw, 0°; angle of roll, 0°] 

[Note.— The values apply to either right or left aOeron, the signs refer to tlie 
ri£^t aileron] 

AILERON CHORD 2.6 INCHES <25 PER CENT OF WING CHORD) 



Aileron span 10 Inches (33 per cent of 


Aileron span 15 inches (50 per cent of 




wing semispan) 






wing semispan) 






Aileron 


Aileron 


Combined 


B 


AUeron 


AUeron 


Combined 






down 


values 




up 


down 


values 


0° 


-0.0017 


-a 0017 


0 


0° 


-a 0023 


-a 0023 


0 


4° 


—.0012 


-.0023 


+.0011 


4° 


-. 0016 


—.0030 


+.0014 


8° 


-.0007 


-.0028 


.0021 


8° 


-.0010 


-.0037 


.0027 


12° 


-.0003 


-.0032 


.0029 


12° 


-.0003 


-.0044 


.0041 


16° 


0 


-.0036 


.0035 


16° 


+.0003 


-.0050 


.0053 


20° 


+. 0005 


-.0038 


.0043 


20° 


.0009 


-.M58 


.0064 


24° 


.0010 


-.0041 


.0051 


24° 


.0016 


-.0059 


,0074 


28° 


.0016 


-.0044 


,0069 1 


28° 


.0021 


-.0062 


.0033 


32° 


.0020 


-.0046 


.0066 j 


82° 


.0027 


-.0064 


.0091 


36° 


.0026 


->0040 


.0074 


86° 


,0033 


-.0005 


.0098 


40° 


.0028 


0061 


.0079 ' 


40* 


.0040 


-.0004 


.0104 


44* 


.0030 


-.0053 


.O0S3 1 


44* 


.0047 


-.0000 


.0107 



Aileron span 20 inches (67 per cent of wing 

»pan) 



0 


Ailero&iip 


AOeron 
down 


Combined 
values 


0° 


-0.0028 


-a 0028 


0 


4° 


-.0019 


-.0037 


+.0018 


8° 


-.0010 


-.0045 


.0035 


12° 


0 


-.0052 


.0052 
.0068 


16° 


+.0009 


-.0059 


20° 


.0016 


-.0066 


.0081 


J40 


.0023 


—.0070 


.0093 


28° 


.0030 


-.0075 


.0105 


82° 


.0037 


-.0078 


.0115 


36° 


.0044 


-.0030 


.0124 


40° 


.0061 


-.0080 


.0131 


44° 


.0058 


-.0079 


.0187 
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Table IX.— CLARK Y WING SECTION— HINGE MO- i Table IX.— CLARK Y WING SECTION— HINGE MO- 
MENT COEFFICIENT [ MENT COEFFICIENT— Continued 

{ Varying chord of afleron. Angle of pitch of airpZane, +20^; angie of attack of wing, ! [Varytug chord of afleron. An^e of pitch of airplane, -MO^; angle of attack of irlng;, 

+24*; angle of yaw, 0"; angle of roll, 0*] I +44»; angle of yaw, 0°; angle of roll, 0°! 

[N'OTi.— The values apply to either right or left alleon, the signs refer to the right j DTotk.— The values apply to either right or left aileron, the signs refer to the right 

dlleronl [ aileron] 

AILERON SPAN 20 INCHJES (67 PER GE>fT OP WTNG SEMISPAN) i AILER ON SPAN 20 INCHES (87 PER CENT OP TVTNO SEIHSPAN) 



AHeron chord 2 iaches (20 per cent of 
wing chord) 



Afteron chord 3 inches C30 per cent of 
wing chord) 





AHeron 


Aileron 


Combined 




Afleron 


AHeron 


Conihined 




ap 


down 


TBloes 




up 


down 


Tslaes 


0* 


-a 0027 


—a 0027 


0 


: 0* 

: 4° 


-a 0074 


-a 0074 


0 


4* 


-.0022 


-.0032 


+.0010 


-.0064 


-.0082 


+.001S 


8» 


-.0017 


-.0037 


.0020 


i 8° 


-.0054 


-.0091 


.0037 


12° 


-.0012 


-.0041 


.0029 


12° 


—.0041 


-.0099 


.0055 


16* 


-.OOOQ 


-.0045 


.0039 


16° 


—.0033 


-.0100 


.0076 


20* 

24" 


-.0001 


-.0048 


.0047 


20° 
2t° 


-.0021 


-.0120 


.0099 


+.0005 


—.0052 


.0057 


—.0006 


-.0128 


.0120 


28« 


.0000 


-.0055 


.0004 


2fi° 


+.0014 


-.0131 


.0147 


32° 


.0010 


-.0058 


.006S 


! 32** 


.0034 


-.0137 


.om 


36° 


.0009 


-.0061 


.0070 


: 


,003S 


— . 0144 


.0132 


40° 


.0008 


-.0064 


.0GF72 


; 40° 


.0002 


-.0151 


.0183 


44° 


.0005 


—.0067 


,0072 


! 44* 


.0023 


-. 0159 


.0152 



INOTX.— The values apply to either ri^t or left aUtxan, the signs 



to the right 

.\IL ERON SPAN 20 INCHES (67 PER CENT OF WING SEMISPAN) 



1 

Aileron chord 2 inches (20 per cent of 


AHeron chord 3 ] 


[ndi» (30 pa- cent of 




wing chord) 






wing chord) 






AHeron 


AHeron 


ComHned 




AHeron 


.4.neron 


Combined 


f 


np 


down 


VBloes 


a 


op 


down 


values 


0° 


-a 0027 


—a 0027 


0 


T 


-0.0078 


-0.0078 


0 


4° 


—.0022 


-.0032 


+.0010 


e 


-.0068 


-.0088 


+.0030 


8° 


-.0017 


— .0Q3T 


.0020 


8° 


-.0058 


-.ooff; 


.0039 


12° 


-.0012 


-.0042 


.0030 


12° 


—.0046 


— -0106 


.0060 


I«" 


-.0007 


-.0016 


.0039 


16° 


-.0034 


—.0115 


.0081 


20° 


-.0002 


-.0050 


.0Q4S 


20° 


-.0028 


-.0123 


.00ff7 


24* 


+.0003 


-.0054 


.0057 


24° 


-.0016 


—.0132 


.0116 


28° 


.0007 


-.0057 


.0064 


28° 


+.0012 


-.0140 


.0152 


32° 


.0008 


-.0060 


.0068 


82° 


.0028 


—.0147 


.0173 


36° 


.0003 


-.0063 


.0006 


36° 


.0016 


-.0149 


.0165 


40° 


.0002 


-.0066 


.0068 


40° 


.0005 


-.0163 


.0158 


44» 


.0003 


-.0009 


.0072 


44» 


—.0003 


-.0160 


.0156 



Afleron chord 2 ln<Aes QO per cent of 
wbig chord) 



0° 
4° 
8° 
12° 
16° 
20° 
24° 

ago 

82° 
36° 

40° 
44* 



AlTCTon 
up 



down 



-010032 , -0.0032 

-.0027 -.0037 

-.0022 -.0041 

-.0017 -.om 

-.0012 -.0049 

-.0007 -.0056 

-.0001 -.0054 



+.0003 
.0008 
.0014 
.0022 
.0030 



-.0055 

-.ooao 

-.0064 
-.0064 
-.0064 



Combined 
values 



0 

+.0010 
.0019 
. 0029 
.0037 

.oeuo 

.0053 
.0053 
.0068 
.0078 
.0095 
.0091 



Ailanm diocd 3 lncha@0 per cent of 
wiDgdiaird} 



0* 

4° 
8° 
12° 
16° 
20° 
24° 
2S° 
82° 
36° 
40° 
44° 



AHeron 
np 



AHeron 
down 



-a 0089 
-.0080 
—.0071 
-.0062 
-.0052 
-.0010 
— .OCHT 
-,0016 
-.0001 
+.0034 
.0026 
.OOU 



-0.00^ 
-.0097 
-.0104 
-.0112 
-.OUfl 
-.0126 
-.0134 
-.0138 
—.0145 
-.0157 
-.0163 
.0166 



Combined 
values 



0 

+.0017 
.0033 
.0030 
.0067 
.0086 
.0107 
.0122 
.0144 
.0101 
-0139 
.0177 



[Varying chord of aHeron. Angle of pitch of airplane, +30°; angle of attack of wing; < 
+34°; angle of yaw, 0°; angle of nH, 0°} ■ 



LETTER OF SUBmTTAL 



National Advisory Committee for Aeronautics, 

Washington, D, C, October 5, 1930. 

Gentlemen: The chairman of the conmiittee on problems of air navigation in a letter dated October 24, 
1928, to the subcommittee on instruments, requested that at the outset the subcommittee prepare and submit 
a report summing up the present status of air navigation instruments, and include in the report the specific 
recommendations of the subcommittee. In response to this request the subcommittee has prepared a report on 
the Present Status of Aircraft Instruments, a copy of which is attached hereto. 

In preparing this report it was believed inadvisable to limit the scope to a consideration of the class of 
instruments ordinarily called navigation instruments, because the safe operation of an aircraft may depend as 
weU upon the satisfactory performance of other aircraft instnmients. Accordingly the scope of the report was 
enlarged to include the present state of development of aircraft instruments. The customary classification of 
instruments is followed in the report, which contains sections on speed, altitude, navigation, power plant, oxygen, 
and fog-flying rostrimients. The recommendations of the subcommittee are embodied in the sections on general 
problems and summary of instrument and research problems. ■ The outstanding problems at the present time 
are those relating to navigation in fog and to landing dxmng fog and poor visibility. A satisfactory solution of 
those problems wiH no doubt depend largely on the use and development of radio equipment and special 
instruments. The other research problems which are outlined in t^^^ report relate mainly to the refinement 
of existing instruments in order to secure greater accuracy and reliability, which may greatly increase safety 
during flight. 

On behalf of the subcommittee on instruments I have the honor to recommend that the attached report be 
published as a Technical Report of the National Advisory Committee for Aeronautics. 
Bespectfully, 

Subcommittee on Inbtsumentb, 
L. J. Bbiggs, Chairman. 

The Executive Committee, 

National Advisory Committee for Aermaviics, Washington, D. C. 
(Through the committee on problems of air navigation.) 
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subcommittee on instbuments 

Dr. L. J. Briggs, Bureau of Standards, chairman. 
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Dr. Samuel Burka, Materiel Division, Air Corps, United Stat-es Army. 
Mr. C. H. Colvin, Society of Automotive Engineers. 
Lieut. A. F. Hegenberger, Air Corps, United States Army. 
Dr. A. W. Hull, General Electric Co. 
Mr. C. W. Keuffel, Eeufiel & Esser Co. 

Mr. George W, Lewis, National Advisory Committee for Aeronautics. 
Lieut. T. C. Lonnquest, Bureau of Aeronautics, United States Navy. 
!Mr. H. «r. E. Hd[d, National Advisory Committee for Aeronautics. 
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